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(54) Particle imaging apparatus 



(57) A particle imaging apparatus includes a flow 
cell (3) for forming a sample flow by surrounding, with a 
sheath liquid, a sample liquid containing particles, and 
a particle imaging system for successively imaging each 
particle in the sample flow, wherein the particle imaging 



system includes first (31) and second (32) particle im- 
aging systems, and the first and second particle imaging 
systems include first (18) and second (2) light sources 
having different focusing configurations for radiating 
light to each particle. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a particle im- 
aging apparatus, and more particularly to a particle im- 
aging apparatus (image flow cytometer) using a flow cell 
for forming a sample flow by surrounding, with a sheath 
liquid, asample liquid containing particles such as blood 
corpuscles and cells, and imaging the particles with a 
plurality of systems. 

Description of the Related Art 

[0002] Hitherto, in afield of particle analysis by imag- 
ing, there is known an apparatus (image flow cytometer) 
for capturing images of particles by allowing the parti- 
cles to flow through a flow cell. In order to improve an 
accuracy of the particle analysis, it is necessary to col- 
lect useful information as much as possiblef rom the par- 
ticles. 

[0003] For this purpose, in Japanese Unexamined 
Patent Publication No. Hei 01 (1 989)-2961 36, images of 
a particle are captured in directions which are perpen- 
dicularto each other; and in Japanese Unexamined Pat- 
ent Publication No. Hei 07(1995)-286953, a plurality of 
images are captured for one particle in different direc- 
tions or at different focusing points. 
[0004] However, the invention disclosed in Japanese 
Unexamined Patent Publication No. Hei 01 (1989) 
-2961 36 determines only whether the particle is spher- 
ical or not, and no more information such as internal in- 
formation is captured, so that it has been impossible to 
differentiate particles having similar sizes or shapes. 
[0005] Also, the invention disclosed in Japanese Un- 
examined Patent Publication No. Hei 07(1995)- 
286953 .. aims at capturing images of minute light-emit- 
ting points distributed within a cell, so that this has also 
been hardly sufficient from the view point of particle 
analysis. 

SUMMARY OF THE INVENTION 

[0006] The present invention has been made in view 
of these circumstances and the purpose thereof is to 
provide a particle imaging apparatus capable of obtain- 
ing particle images for differentiating particles with more 
accuracy. Accordingly, the present invention provides a 
particle imaging apparatus comprising a flow cell for 
forming a sample flow by surrounding, with a sheath liq- 
uid, a sample liquid containing particles, and a particle 
imaging system for successively imaging each particle 
in the sample flow, wherein the particle imaging system 
includes first and second particle imaging systems, and 
the first and second particle imaging systems comprise 
first and second light sources having different focusing 



configurations for radiating light to each particle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

s [0007] The present invention will be better understood 
from the following detailed description of preferred em- 
bodiments of the invention, taken in conjunction with the 
accompanying drawings, in which: 

10 Fig. 1 isaviewshowingablockdiagramof aparticle 
imaging apparatus according to an embodiment of 
the present invention; 

Fig. 2 is a plan view showing an optical system sec- 
tion of the particle imaging apparatus according to 
is the embodiment of the present invention; 

Fig. 3 is a schematic perspective view showing a 
flow cell section of the particle imaging apparatus 
according to the embodiment of the present inven- 
tion; 

20 Fig. 4 is a plan view showing an essential part of 
the optical system section of the particle imaging 
apparatus according to the embodiment of the 
present invention; 

Fig. 5 is a view showing photographs of erythro- 
2£ cytes which are imaged by the particle imaging ap- 
paratus according to the embodiment of the present 
invention; 

Fig. 6 is a view showing photographs of leukocytes 
which are imaged by the particle imaging apparatus 
30 according to the embodiment of the present inven- 
tion: 

Fig. 7 is a view showing photographs of erythro- 
cytes which are imaged by the particle imaging ap- 
paratus according to the embodiment of the present 
3S invention; 

Fig. 8 is a view showing photographs of leukocytes 
which are imaged by the particle imaging apparatus 
according to the embodiment of the present inven- 
tion; 

40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0008] A particle imaging apparatus of the present in- 
45 vention may include a flow cell and a particle imaging 
system. The flow cell may allow a sample flow to be 
formed by surrounding a sample liquid containing parti- 
cles with a sheath liquid. The particle imaging system 
may capture images of each particle in the sample flow. 
so The particle imaging system may include first and sec- 
ond particle imaging systems. The first and second par- 
ticle imaging systems may include first and second light 
sources having different focusing configurations for ra- 
diating light to each particle. 
55 [0009] This provides an advantage that different im- 
ages of the particle may be captured by the two particle 
imaging systems, whereby the particle may be differen- 
tiated more accurately based on information of the par- 
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tide images which are different from each other. 
[0010] In the present invention, the first particle imag- 
ing system may mainly capture an image representative 
of internal information of each particle, and the second 
particle imaging system may mainly capture an image 
representative of external information of each particle. 
[0011] This provides an advantage that each particle 
may be differentiated more accurately and in detail be- 
cause the differentiation is based on the internal and ex- 
ternal information of the particle. 
[0012] In the present invention, the first and second 
light sources may have different focusing points for ra- 
diating light to each particle. 

[0013] For example, the particle may pass near a fo- 
cusing point of the first light source in the first particle 
imaging system, whereby the images of the internal in- 
formation of the particle may be captured because the 
particle receives a light beam having a large brightness. 
On the other hand, the particle may pass a point located 
away from a focusing point of the second light source in 
the second particle imaging system, whereby the imag- 
es of the external information of the particle may be cap- 
tured because the particle receives a light beam having 
a low brightness. 

[0014] This provides an advantage that each particle 
may be differentiated more accurately and in detail be- 
cause the differentiation is based on the internal and ex- 
ternal information of the particle. 
[0015] In the present invention, an optical axis of the 
first particle imaging system and an optical axis of the 
second particle imaging system may cross each other 
in two levels at a center of the sample flow. This provides 
an advantage that the first and second particle imaging 
systems may be disposed near to each other in the flow 
direction of the particles. 

EMBODIMENTS 

[0016] Fig. 1 is a view showing a block diagram of a 
particle imaging apparatus according to an embodiment 
of the present invention. Fig. 2 is a plan view showing 
an optical system section of the particle imaging appa- 
ratus. Fig. 3 is a schematic perspective view showing a 
flow cell section of the particle imaging apparatus. Fig. 
4 is a plan view showing an essential part of the optical 
system section. Fig. 5 is a view showing photographs of 
erythrocytes which are imaged by the particle imaging 
apparatus. Fig. 6 is a view showing photographs of leu- 
kocytes which are imaged by the particle imaging appa- 
ratus. 

[0017] Referring to Fig. 1 , aflowcell 3allows asample 
flow to be formed by surrounding a sample liquid, which 
contains particles such as erythrocytes and leukocytes, 
with a sheath liquid. The flow cell 3 includes a first par- 
ticle imaging system 31 , a second particle imaging sys- 
tem 32, and a particle detecting system 34. The first par- 
ticle imaging system 31 serves to obtain a first image of 
a particle as viewed in a first direction. The second par- 
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tide imaging system 32 serves to obtain a second image 
of the same particle as viewed in a second direction dif- 
ferent from the first direction substantially by 90°. 
[0018] Referring to Fig. 2, the particles flow in adirec- 

s tion perpendicular to the document sheet. An optical 
system section related to the flow cell 3 is disposed 
around the flow of the particles. The optical system sec- 
tion includes the particle detecting system 34, the first 
particle imaging system 31 , and the second particle im- 

10 aging system 32. 

[0019] Referring to Fig. 3, a particle 42 ejected from 
a nozzle 40 flows from under the document sheet up- 
wards while being surrounded by the sheath liquid. 
[0020] The particle detecting system 34 includes a 

is continuous emission light source 1 (a green semicon- 
ductor laser having a wavelength of 532 nm), a first pho- 
todetector 7 (photodiode) for detecting a light beam 
emitted forwards from the particle 42 (forward scattered 
light), and a second photodetector 11 (a photomultiplier 

20 tube) for detecting a light beam emitted sidewards from 
the particle 42 (side fluorescent light). 
[0021] The first particle imaging system 31 includes a 
first pulse light source 1 8 (a near infrared semiconductor 
laser having a wavelength of 780 nm) and a first video 

25 camera 23. The second particle imaging system 32 in- 
cludes a second pulse light source 2 (a near infrared 
semiconductor laser having a wavelength of 780 nm) 
and a second video camera 1 7. 
[0022] The light beams 27, 28, 29 emitted from the 

30 light sources 1, 18, 2 are applied to the flowing particle 
42 in respective directions perpendicular to the flow di- 
rection of the particle 42. The direction of the light beams 
27, 28 from the light sources 1, 18 is different from the 
direction of the light beam 29 from the light source 2 by 

35 90. 

[0023] Referring to Fig. 3 again, the optical elements 
(light sources and other components) are disposed so 
that the light beam 28 from the first pulse light source 
1 8 is positioned downstream by, for example, about 0.02 

40 mm from the position of the light beam 27 from the con- 
tinuous emission light source 1, and the light beam 29 
from the second pulse light source 2 is positionedfurther 
downstream by, for example, about 0.02 mm 
[0024] The light beam 28 from the continuous emis- 

45 sion light source 1 is converted into a collimated light 
beam by a collimator lens 22 and is reflected by a dich- 
roic mirror 21 and narrowed down by a condenser lens 
4 to be directed to the sample flow at the center of the 
flow cell 3. When a particle passes at a point Al corre- 

so sponding to this irradiated area, the forward scattered 
light and the side fluorescent light from the particle are 
collected by collector lenses 5, 8 to pass through the 
condenser lenses 6, 1 0 to be received by the first and 
second photodetectors 7, 11, respectively. 

55 [0025] Signals generated for each particle by the pho- 
todetectors 7, 11 are processed in a signal processing 
section 36 for extraction of characteristic parameters 
(which may be, for example, peak values or pulse widths 
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of the signals, the latter being the case in this example). 
[0026] The characteristic parameters obtained in the 
signal processing section 36 are sent to an imaging con- 
trol section 37. If the characteristic parameters satisfy a 
given condition, an imaging trigger signal is generated 
to drive the first and second particle imaging system, 
whereby particle images are captured when the particle 
detected at position Al shown in Fig. 3 arrives at posi- 
tions B1, B2. 

[0027] Namely, the imaging control section 37 serves 
to select and image the particle that is designated be- 
forehand as an imaging object. For this purpose, the 
characteristic parameters of a particle are compared in 
real time with the characteristic parameters of the in- 
tended type of particles to be imaged. As a result, if it is 
determined that the particle is an intended object to be 
imaged, the imaging trigger signal for capturing particle 
images is generated and supplied to the pulse light 
sources 18, 2. 

[0028] A trigger signal Ts1 is generated so that a first 
pulse light will be emitted exactly when the particle de- 
tected at the position A1 reaches the position B1 . A trig- 
ger signal Ts2 is generated so that a second pulse light 
will be emitted exactly when the particle detected at the 
position A1 reaches the position B2. 
[0029] The pulse light sources 18, 2 are each a type 
of a light source that emits light only for a moment (about 
several ten nanoseconds) by the trigger signals Ts1 , Ts2 
from the imaging control section 37. Therefore, even if 
the sample flow has a high flow rate of several m/s, the 
images of the particle at the positions B1 , B2 may be 
captured without blurring. Also, since the distance be- 
tween the positions B1, B2 is extremely short, the par- 
ticle will not be rotated to turn its direction while 
traveling. 

[0030] A video synchronization signal of the second 
video camera 17 is phase-shifted relative to a video syn- 
chronization signal of the first video camera 23 for a pe- 
riod of time (for example, 4 |asec) necessary for the par- 
ticle to travel from the position B1 to the position B2. 
This makes it possible to capture images of the same 
particle with each of the first and second video cameras 
at the same video timing, thus facilitating confirmation 
that the captured images are those of the same particle. 
[0031] The pulse light beams from the pulse light 
sources 18, 2 are narrowed down by optical fibers 18a, 
2a, collimator lenses 19, 12, cold mirrors 20, 13, and 
condenser lenses 4, 14, respectively, to be applied to 
the sample flow. Use of the optical fibers reduces coher- 
ency of the pulse laser beams, whereby particle images 
may be captured with limited diffraction patterns. 
[0032] The pulse light beams 28, 29 that have passed 
through the sample flow are focussed on the light-re- 
ceiving surfaces of the first video camera 23 and the 
second video camera 17 by the collector lenses 5, 8, 
dichroic mirrors 26, 9, bandpass filters 25, 16, and pro- 
jection lenses 24, 15, respectively, to capture transmis- 
sion images of the same particle. 



[0033] The bandpass filters 25, 16 are used for the 
purpose of, for example, stopping the visible light emit- 
ted from the continuous light source 1 so as to detect 
only the light beams from the pulse light sources. The 

s video signals from the video cameras 23, 1 7 are sent to 
the image processing section 38 acting as analyzing 
means, where the received video signals are stored as 
digital images and subjected to image processing. 
[0034] Next, with reference to Fig. 3, an explanation 

10 will be made on the difference in the way of radiation, 
namely, that the first particle imaging system 31 and the 
second particle imaging system 32 have different focus- 
ing configurations. 

[0035] As will be apparent from Fig. 3, the light beam 
is 28 from the pulse light source 1 8 in the first particle im- 
aging system 31 is applied so that the light beam 28 is 
focussed near the particle 42, whereas the light beam 
29 from the pulse light source 2 in the second particle 
imaging system 32 is applied so that the light beam 29 
20 is focussed at a position away from the particle 42 in the 
direction of the optical axis. This means thatthe inequal- 
ity L1 < L2 is satisfied, where L1 is the distance between 
the focusing point of the first pulse light source 18 and 
the particle 42 on the optical axis thereof, and L2 is the 
25 distance between the focusing point of the second pulse 
light source 2 and the particle 42 on the optical axis 
thereof. 

[0036] If different focusing configurations are provid- 
ed for radiation light beams applied to the particle 42, 
30 the captured images will be different. If the light beam 
is focussed on the particle 42, the light beam is concen- 
trated on the particle 42, whereby internal information 
of the particle 42 may be advantageously obtained. The 
distance L1 is substantially equal to zero (L1=0 or 
3S L1DI ). Concretely, particle images may be captured that 
provide a good representation of a nucleus contained in 
the particle or a Hgb amount, as shown in Fig. 5 (eryth- 
rocytes) and Fig. 6 (leukocytes). 
[0037] On the other hand, if the light beam is not fo- 
40 cussed on the particle 42, the light beam is applied onto 
the whole particle 42 widely, whereby external informa- 
tion of the particle 42 may be advantageously obtained. 
The distance L2 is grater than zero. Concretely, particle 
images may be captured that provide a good represen- 
ts tation of a profile of the particle 42, as shown in Fig. 7 
(erythrocytes) and Fig. 8 (leukocytes). 
[0038] The particle images obtained in the above 
manner provide extremely useful information in per- 
forming analysis of particles. 
so [0039] The particles 42 to be analyzed according to 
the present invention may be any particles including, for 
example, inorganic powders such as fine ceramics, pig- 
ments, cosmetic powders, and toners, organic powders 
such as emulsions and food additives, and living body 
55 particles such as blood corpuscles and cells. The parti- 
cles to be analyzed may be stained beforehand. 
[0040] In view of capturing images more effectively 
and with more certainty, a particle detecting system for 
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detection of arrival of a particle is preferably disposed 
upstream of an image capturing region in the flow cell 
so that the particle imaging system may capture images 
of the particle upon detection of the particle. Various em- 
bodiments of the particle detecting system, including op- 
tical and electrical systems, may be considered. As an 
example, the particle detecting system may be realized 
by a combination of a light source for applying continu- 
ous light beams to the particle flow region and a photo- 
detector for receiving a scattered light or a fluorescent 
light from the particle that has arrived at a light applica- 
tion region. 

[0041] Still images of the particle may be obtained ef- 
fectively and with certainty by controlling the light sourc- 
es of the first and second particle imaging systems to 
emit light beams based on particle detection signals 
generated in the particle detecting system. Preferably, 
the second particle imaging system is disposed a little 
downstream of the first particle imaging system in view 
of the facility in positioning the particle imaging systems 
and the reduction of mutual optical interference, be- 
cause the timing of pulse light emission can be shifted. 
[0042] Here, in this embodiment, the focusing config- 
uration for radiation light beams applied to each particle 
is varied by changing the distance between the particle 
to be imaged and the focusing point on the optical axis. 
However, the focusing configuration may be varied by 
using a light source having a high brightness together 
with a light source having a low brightness. 
[0043] As described and shown above, since the first 
and second particle imaging systems include first and 
second light sources having different focusing configu- 
rations for radiating light to each particle in the present 
invention, different images of the particle may be cap- 
tured by the two particle imaging systems, whereby the 
particle may be differentiated more accurately based on 
information of the particle images which are different 
from each other. 

[0044] In the present invention, the first particle imag- 
ing system may mainly capture images of internal infor- 
mation of each particle, and the second particle imaging 
system may mainly capture images of external informa- 
tion of each particle Accordingly, each particle may be 
differentiated more accurately and in detail because the 
differentiation is based on the internal and external in- 
formation of the particle. 

[0045] In the present invention, the first and second 
light sources may have different focusing points with re- 
spect to each particle. 

[0046] For example, the particle may pass near a fo- 
cusing point of the first light source in the first particle 
imaging system, whereby the images of the internal in- 
formation of the particle may be captured because the 
particle receives a light beam having a large brightness. 
On the other hand, the particle may pass a point located 
away from the focusing point of the second light source 
in the second particle imaging system, whereby the im- 
ages of the external information of the particle may be 



captured because the particle receives a light beam 
having a low brightness. 

[0047] Accordingly, each particle may be differentiat- 
ed more accurately and in detail because the differenti- 
s ation is based on the internal and external information 
of the particle. 

[0048] In the present invention, an optical axis of the 
first particle imaging system and an optical axis of the 
second particle imaging system may cross each other 
10 in two levels at a center of the sample flow. This provides 
an advantage that the first and second particle imaging 
systems may be disposed near to each other in the flow 
direction of the particles. 

[0049] Although the present invention has fully been 
fs described by way of example with reference to the ac- 
companying drawings, it is to be understood that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the 
20 invention, they should be construed as being included 
therein. 



Claims 

25 

1. A particle imaging apparatus comprising a flow cell 
(3) for forming a sample flow by surrounding, with 
a sheath liquid, a sample liquid containing particles, 
and a particle imaging system for successively im- 

30 aging each particle in the sample flow, wherein the 
particle imaging system includes first (31 ) and sec- 
ond (32) particle imaging systems, and the first (31 ) 
and second (32) particle imaging systems comprise 
first (18) and second (2) light sources having differ- 

3S ent focusing configurations for radiating light to 
each particle. 

2. A particle imaging apparatus according to claim 1 , 
wherein thefirst particle imaging system (31 ) mainly 

40 captures an image representative of internal infor- 
mation of each particle, and the second particle im- 
aging system (32) mainly captures an image repre- 
sentative of external information of each particle. 

45 3. A particle imaging apparatus according to claim 1 
or 2, wherein the second light source (2) radiates 
light to each particle more widely than the first light 
source (18). 

so 4. A particle imaging apparatus according to claim 1 , 
2 or 3, wherein the first (18) and second (2) light 
sources have different focusing points with respect 
to each particle. 

55 5. A particle imaging apparatus according to claim 1 , 
2, 3 or 4, wherein a distance L1 between a focusing 
point of thefirst light source (18) and the particle to 
be imaged is smaller than a distance L2 between a 
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focusing point of the second light source (2) and the 
particle to be imaged 

A particle imaging apparatus according to claim 5, 
wherein the distance L1 is substantially equal to ze- s 
ro and the distance L2 is greater than zero. 

A particle imaging apparatus according to claim 1, 
2, 3, 4, 5 or 6, wherein an optical axis of the first 
particle imaging system (31 ) and an optical axis of 10 
the second particle imaging system (32) cross each 
other in two levels at a center of the sample flow. 

A particle imaging apparatus according to claim 1, 
2, 3, 4, 5, 6 or 7, wherein the first particle imaging is 
system (31) comprises the first light sources (18) 
and the second particle imaging system (32) com- 
prises the second light source(2). 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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